Summary. Similar ultrastructural defects were found in the spermatozoa of two oligospermic men attending a subfertility clinic.
INTRODUCTION
There are a number of reports on animals with structural defects of spermatozoa which affect fertility. A 'knobbed' acrosomal defect has been described in the spermatozoa of bulls by Hancock (1953) and Blom & Birch-Andersen (1962) and in the spermatozoa from boars (Bane, 1961 ). An abnormality of the spermatozoa from some Guernsey bulls known as the 'decapitate defect' in which the head and tail become separated was shown to be associated with an ultrastructural abnormality in the neck region (Blom & Birch-Andersen, 1970) . Abnormal (Blom, 1966; KoefoedJohnsen & Pedersen, 1971) ; the abnormal spermatozoa in these animals showed a folding of the main-piece over the mid-piece, giving the impression of a short tail. A further ultrastructural defect was described by Blom & Birch-Andersen (1968) in the spermatozoa from five sterile Fresian bulls. The spermatozoa from these animals had a 'pseudo-droplet' defect showing a rounding or elongated thickening of the mid-piece. Blom (1959) Recently, Aughey & Renton (1971) described a structural abnormality in spermatozoa from a dog which had a lowered fertility. Electron microscope examination showed a thickened mid-piece due to the presence of either a cytoplasmic droplet or pseudo-droplet similar to that described by Blom & Birch-Andersen (1968) in bulls. Rajasekarasetty (1954) has reported that in certain mouse genotypes, 14 to 58% of the spermatozoa have abnormalities involving the sperm nucleus and acrosome.
In the case of man, there are very few reports which describe specific ultrastructural defects of the spermatozoa affecting fertility. Kagan (1963) Pedersen, Rebbe & Hammen (1971) .
The two patients reported here, as well as the one previously reported by Ross et al. (1971) , were found during routine examination of males attending a subfertility clinic. These cases all have defects of the tail, greatly reduced motility and an abnormal morphology which was readily detected by light microscopy during routine seminal analysis.
MATERIALS AND METHODS
Light microscope seminal analysis was carried out on part of the fresh ejaculated specimens obtained at the subfertility clinic and the remainder of each specimen was processed for electron microscopy by a method described previously (Ross et al., 1971 Examination of whole mounts in the electron microscope shadowed with gold/palladium confirmed the light microscope findings but showed no de¬ marcation between mid-piece and main-piece. In the majority of spermatozoa, the outer sheath did not extend along the whole length of the main-piece and in some cases, segments of the outer-sheath were missing (PI. 1, Fig. B Fig. D ). The mitochondrial cristae were not well formed and many of them contained a large electron-dense body. Occasionally, spermatozoa were seen with a large cytoplasmic droplet which contained a mass of disorganized material resembling outer-sheath fibres (PI. 1, Fig. E ).
The most striking abnormality in the majority of spermatozoa was the in¬ crease in the diameter of the main-piece due to an excess of outer-sheath fibres (PI. 1, Fig. F) . All cross-sections of the tail examined at various levels showed the thickened outer sheath (PI. 1, Fig. G) . In approximately 60% of the sperma¬ tozoa, the axial-filament complex showed the normal 9 + 9 + 2 arrangement of fibres. However, in 40% of the spermatozoa the outer and inner fibres were present but the central two fibres were absent (PI. 1, Fig. H) .
Thin sections of testis were examined in the electron microscope. Cross sections through the tails of testicular spermatozoa showed them to have an increase in outer-sheath fibres with some of the spermatozoa missing the central fibres in the axial-filament complex (PI. 3, Fig. A) (Table 1) showed a sperm density between 11 and 25xl06 spermatozoa/ml with a motility ranging between 0 and 6%. Haematoxylin-and-eosin-stained preparations showed a similar morphology to those of Patient A (PI. 2, Fig. A) .
Histological examination of the testis showed the seminiferous tubules to be cellular, with active spermatogenesis to the stage of spermatozoa. There was some thickening of the tunica propria but there was no hyalinization of the basement membrane and the interstitium appeared normal. In approximately 40% of the cross-sections through the main-piece, the normal 9 + 9 + 2 axial-filament complex was seen. In the remaining 60% of the crosssections, the axial-filament complex showed a varied morphology. In the majority, the central two fibres were missing while some had extra inner fibres either enmeshed within the outer-sheath fibres (PI. 2, Fig. G showing an increase in its diameter due to an excess of outer-sheath fibres. fibres were seen enmeshed within the outer sheath as well as incorporated into the inner axial-filament complex (PI. 2, Fig. H) .
Polymorphonuclear leucocytes, some of them containing phagocytosed abnormal spermatozoa (PI. 3,  Fig. D) , were present in all specimens examined from this patient.
Electron microscopy of the testis was carried out on a piece of tissue which was originally prepared and embedded in paraffin wax for routine histology but was subsequently processed and embedded in Araldite. Despite the poor quality of material, thickened tails with extra outer-sheath fibres as well as absence of mitochondria were observed (PI. 3, Fig. C) .
DISCUSSION
The normal ultrastructure of human spermatozoa is now well documented (Schnall, 1952; Anberg, 1957; Fawcett, 1958; Bedford, 1967; Pedersen, 1969 ), but only a few patients with specific ultrastructural defects which appear to affect fertility have been described (Kagan, 1963; Pedersen et al., 1971; Ross et al., 1971) . This may be due in part to the variable proportion of morphologi¬ cally abnormal spermatozoa present in the human ejaculate which makes it difficult to recognize specific defects in human spermatozoa unless they are present in a high proportion of the sperm population.
The two patients reported here had abnormalities of the outer-sheath fibres and the mid-piece affecting almost all the spermatozoa, and had, in addition, abnormalities of the axial-filament complex and head in a high proportion of the spermatozoa.
The diameter of the tail in the abnormal spermatozoa from both patients was increased due to an excess of outer-sheath fibres. This abnormality was seen in spermatozoa in the testis of both men indicating that this defect was present during the maturation of the spermatozoa within the seminiferous tubules.
In Patient A, normal mitochondria were seen in all the maturing spermatids. The absence of mitochondria and the shortened mid-piece in the majority of spermatozoa must therefore be due to a defect in the formation of the midpiece at a later stage of maturation. The central two fibres of the axial-filament complex were missing in spermatozoa both in the ejaculate and in the testis, again indicating that this defect originated while the spermatozoa were in the seminiferous tubules.
In Patient B, abnormal mid-piece morphology was seen both in ejaculated and testicular spermatozoa, again indicating that this defect originated during maturation of the spermatozoa. The alteration in arrangement and number of fibres in the axial-filament complex noted in ejaculated spermatozoa could not be seen in the testicular material because of its poor quality.
In Patient B, phagocytosis of the abnormal spermatozoa by polymorpho¬ nuclear leucocytes might be a process by which abnormal spermatozoa are removed. Phagocytosis of spermatozoa by polymorphonuclear leucocytes has been seen in 15% of the semen specimens from men attending a subfertility clinic (A. Ross, unpublished data). (Facing p. 248) Both the patients reported here had a number of spermatozoa with coarse granulation of their nuclear chromatin, suggestive of immaturity (McCosker, 1969 Donald & Hancock (1953) found the knobbed acrosomal defect in seventeen sterile Fresian bulls. These bulls were related, and the authors suggested that the condition was the result of a single autosomal recessive gene which has no effect on the females. A similar knobbed acrosomal defect has been observed in a family of British Large boars (Bishop, 1972 The pseudodroplet defect found in five related Fresian bulls was suggested by Blom (1968) to be hereditary. The 'decapitate defect' was found in twelve of eighty-nine sterile Guernsey bulls (Hancock & Rollinson, 1949) , which had a common ancestor but were not closely related. The author stated that there was no conclusive evidence that the defect was inherited. Jones (1962) de¬ scribed seven related bulls suggesting that the abnormality might be hereditary. Van Rensburg, Van Rensburg & de Vos (1966) , in South Africa found this defect in eight closely related Guernsey bulls, which they thought might be attributed to a recessive hereditary factor.
Clear evidence that infertility due to abnormal spermatozoa can occur as an inherited condition in mice was presented by Rajasekarasetty (1954) . He found abnormalities of the spermatozoa in mice, with a combination of two mutations at the locus which, when present singly, did not affect fertility. In the patients described here, no information is available on the sperm morphology of other members of their family. Therefore, we are not able to show whether or not the abnormalities described above are inherited.
In both patients, the abnormality appears to produce sterility as no evidence of conception has been recorded in the patients' wives. It is worthy of note, however, that Smith, Aura & Zamboni (1970) showed that immotile sperma¬ tozoa in mice, with ultrastructural defects of the tail and normal heads, were capable of fertilizing ova in vitro.
We have examined spermatozoa by light microscopy from 1000 males attending a subfertility clinic. The two patients described here, together with the one reported previously (Ross, et al., 1971) , are the only patients who were found to have an ultrastructural abnormality affecting nearly all their sperma¬ tozoa and which was initially detected by light microscopy. This suggests that such abnormalities are found in approximately 0-3% of all males attending a subfertility clinic.
